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Introduction: Martian meteorite ALH84001 contains 
µm-sized carbonate assemblages situated within cracks 
and fissures, which have been dated at ~3.91 Ga. [1]. 
These are interpreted as secondary minerals formed at 
low temperature [e.g., 5,11] in an aqueous medium 
[7,12]. Dispersed within these carbonates are nm-sized, 
single crystal magnetites. Some of these magnetites 
have chemical and physical properties nearly identical 
to intracellular magnetite crystals produced by 
magnetotactic bacteria strain MV-1 [8-10]. The MV-1 
magnetite morphology has been described as truncated 
hexa-octahedral, Fig. 1. In the natural terrestrial 
environment, truncated hexa-octahedral magnetite 
appears only to be produced through biogenic 
mediation [8 and refs. therein]. By inference, and in 
the absence of a credible inorganic explanation, we 
have suggested that those ALH84001 magnetites, 
which are indistinguishable from MV-1 magnetites, 
were mediated by similar biogenic processes on early 
Mars [2,8-10].   

Controversy: Recently, the crystal morphology of 
MV-1 and, by inference, that of ALH84001 magnetite 
has been the subject of considerable debate [2,4]. 
Previous descriptions of theses morphologies were 
based on classical transmission electron microscope 
(TEM) imaging of individual crystals over a wide 
range of tilt angles (≥ ± 45º) (technique described in 
[2]). 

Methods: We report here the crystal morphologies of 
MV-1 and ALH84001 magnetites as calculated by 
back-projection using electron tomography, Figs. 2&3. 
In the present study, we used a 300 keV TEM with a 
field emission gun (Tecnai F-30 from FEI Inc.), 
equipped with a 2048 x 2048 pixel CCD camera from 
Gatan Inc. to image magnetite crystals over tilt ranges 
of ~ ±72o in 2o tilt intervals.  The images were aligned 
for back-projection, either manually, or through the use 
of fiducial 5 nm Au spheres affixed to the specimen 
prior to microscopy. Three-dimensional (3-D) 
reconstructions were computed using weighted back-
projection of the tilted views [3]. The tomograms were  

viewed and analyzed as a series of slices 1.0 nm thick, 
taken parallel to the specimen-supporting grid, using 
the IMOD software package [6]. The shape of each 
magnetite crystal was determined by defining the 
external contour of a given magnetite in each slice and 
assembling a stack of these contours in 3-D. To aid in 
visualization, the stacked contour array was reduced to 
an optimal mesh by Delaunay triangulation. The 
surface normal to each of the triangles in the mesh was 
calculated and the triangle faces colored according to 
the orientation of that surface normal relative to the 
principal crystallographic axis of magnetite. Green 
surfaces correspond to {111} orientations, blue 
surfaces to {100} orientations, and red surfaces to 
{110} orientations. Triangles whose surface normal 
did not correspond to one of the principal axes were 
colored gray. 

Conclusions: Within the experimental and numerical 
uncertainties of the deconvolution, the tomographic 
reconstruction of both MV-1 and ALH84001 
magnetites are equivalent and correspond to a 
truncated hexa-octahedral morphology. 
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Electron Tomography of ALH84001 Magnetite Crystals: Thomas-Keprta, et al. 
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